In Vivo Selection of Intermediately- and Highly-Malignant Variants of Triple-negative Breast Cancer in Orthotopic Nude Mouse Models.
Triple-negative breast cancer (TNBC), defined by the absence of receptors for estrogen, progesterone and human epithelial receptor 2 (HER2), is a recalcitrant disease in need of effective therapy. We previously isolated very-highly metastatic variants of the TNBC cell line MDA-MB-231 using serial orthotopic implantation of MDA-MB-231 human breast cancer cells in nude mice. MDA-MB-231 cells expressing red fluorescent protein (MDA-MB-231-RFP) (1×107 cells/site) were initially injected subcutaneously in the flank of nude mice. After the subcutaneous tumors grew, they were harvested and cut into small pieces for orthotopic implantation into the right lower mammary gland. After the orthotopic tumors grew, they were resected and cut into small pieces and orthotopically re-implanted into the mammary gland of nude mice. The tumors grew and metastasized to lymph nodes. The lymph node metastases were harvested and cut into small pieces and orthotopically re-implanted into the mammary gland of nude mice. After the orthotopic tumors grew, the tumor was removed leaving residual cancer cells, which grew and metastasized to lymph nodes. The lymph node metastases were harvested, cut into pieces and orthotopically re-implanted into the mammary gland of nude mice for three or seven cycles in order to isolate intermediately, or highly-metastatic variants, respectively. The degree of malignancy of isolated variants of MDA-MB-231 depends on the extent of orthotopic transplantation. Serial transplantation resulted in MDA-MB-231-RFP which significantly produced larger tumors compared with the parental MDA-MB-231-RFP. Serial orthotopic implantation for three cycles resulted in intermediately-metastatic variants of MDA-MB-231-RFP. MDA-MB-231-RFP serially orthotopically transplanted seven times significantly metastasized more to lymph nodes compared with parental MDA-MB-231-RFP cells and the intermediately-metastatic variant. The highly-metastatic variant MDA-MB-231-RFP cells significantly metastasized to the lung to a greater extent compared with parental MDA-MB-231-RFP and intermediate variants of MDA-MB-231-RFP. These results suggest that the number of serial orthotopic transplantations of MDA-MB-231-RFP correlates positively with tumor aggressiveness, and the intermediately- and highly-metastatic variants can serve as models of metastatic progression of TNBC.